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© PolytglycoHc add)/poly(alkyiene gfycoQblock copolymers and method of manuf acturlng the 

@ Multiblodc copolymers having the following general 
formula: 

JhOCtJ) (0 R) 3r «0-H4(^CH-|— 

where R represents alkylene and Ar is an aromatic group, 
are obtained by transesterffication of poiy(glycollc acid) and 
an hydroxyl-ended poly(aikylene glycol) such as poly(oxy- 
ethylene) in the presence of a catalyst with the degree of 
polymerization of the copolymer being increased by the 
subsequent addition of an aromatic orthocarbonate such as 
tetra-p-tolyl orthocarbonate. The copolymers find use in the 
manufacture of surgical articles, particularly absorbable 
monofilament sutures possessing the desired characteris- 
tics of flexibility, resulting in good handling properties, and 
biodegradabillty. 
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POLY(GLYCOLIC ACID) /POLY (ALKY LENE GLYCOL) " , 
BLOCK COPOLYMERS a ND METHOD QP 
MANUFACTURING THE 
This invention provides a copolymer from 
which can be manufactured an absorbable surgical article, 
particularly a monofilament suture possessing the desired 
characteristics of flexibility, resulting in good handling 
properties, and biodegradability. Such is achieved, 
according to the invention, through the modification of 
polyglycolic acid polymer to produce a copolymer, the ex- 
truded fibers of which exhibit a lower tensile modulus 
than monofilaments of polyglycolic acid alone, resulting 
in increased flexibility. The copolymers are bioabsorb- 
abls 



The copolymers of this invention are multiblock 
copolymers produced by introducing poly (alkylene glycol) 
blocks into poly(glycolic acid) , through the transester- 
ification of poly(glycolic acid) with an hydroxy 1-ended 
poly (alkylene glycol) and with the degree of polymeriza- 
tion of the copolymer being increased by the subsequent 
addition of an aromatic orthocarbonate resulting in chain 
extension and reduction of brittleness. A preferred poly- 
(alkylene glycol) is poly (oxyethylene) while' a preferred 
orthocarbonate is tetra-o-tolyl orthocarbonate. 

The copolymers have the following general formula: 
^och 2 ? 4— 



40R> n 




where R represents an alkylene group and Aris an aromatic 
group and the poly (glycol ic acid) content is about 80 to 
85 percent and the poly (oxyalkylene) content is about 20 
35 to 15 percent, and n is 23 to 91. 
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Thus, an object of this invention is the provision 
of a poly(glycolic acid ) /poly (oxyalkylene)multiblock co- 
polymer. 

A further object of this invention is the provi- 
sion of a method of polymerization and aromatic orthocar- 
bonate addition for producing the poly (glycolic acid)/- 
poly(oxyalkylene) block copolymer. 

The copolymers of the invention find advantageous 
utility in the manufacture of surgical, articles and phar- 
maceutical compositions as is known in the art for polymer 
absorbable in living animals. Thus, yet further objects 
of this invention include the provision of a sterile sur- 
gical article, a suture or ligature, particularly in the 
form of flexible monofilaments, a suture in the form of a 
needle and a suture combination, a surgical clip or 
staple, a surgical prosthesis, textile structures, coup- 
lings, tubes or other forms of support or a self-sup- 
porting film, hollow tube, beads or gel, containing a 
uniformly dispersed drug for controlled continuous admin- 
istration," manufactured from a copolymer, or by a method 
described above. 

There have been various prior art suggestions for 
modifying polyglycolic acid, such as by copolymerization 
of glycolide monomer with other monomers, to produce a 
polymer possessing the requisite properties desired in a 
monofilament suture. Fore example, the prior art discloses 
the sequential addition of a cyclic ester monoaer, such 
as a lactide, lactone, oxalate, or carbonate, to glycolide 
monomer in the copolymerization process. Triblock copolymers 
with lactic acid units predominantly on both ends of a 
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glycolide polymer chain are disclosed in the prior art, 
as are copolymers of trimethylene carbonate and glycolide, 
and monofilament sutures made therefrom. 

Other copolymers for use as bioabsorbable mat- 
erials have been disclosed. For example, the prior art 
discloses a normally solid bioabsorbable hydrolyzable poly- 
meric reaction product of a polyglycolic acid composition 
and a polyester of diglycolic acid and an unhindered gly- 
col. Copolymers of l(-) lactide with glycolide have also 
been used as suture material. Further, polyethylene 
oxide/polyethylene terephthalate copolymers have been 
disclosed as biodegradable elastomeric biomaterials . 

The production of copolymers based on monomers ■ 
formed from lactic acid or glycolic acid has also been 
known for nonbiological purposes. For example, the prior 
art discloses the condensation of glycolic acid with a 
polyethylene glycol mixture to form an ester with an 
average molecular weight of 5105 for treating fabric 
for improved tear strength and abrasion resistance. 

The addition of aromatic orthocarbonates 
during the formation of a fiber-forming polyester by the 
reaction of a dicarboxylic acid or its functional 
derivative with a glycol is disclosed in the prior art. 

The prior art also discloses poly (ortho- 
ester) co- and hamopolymers and ; oly (orthocarbonate) co- 
and homopolymers useful for forming delivery devices 
with drug dispersed therein for release by controlled 
polymeric erosion over a prolonged period of time. Gly- 
colide and ethylene glycol are reacted to form an oligo- 
mer which is polymerized by condensation with various 
monomers to yield the desired polymers. The copolymers 
contain only isolated oxyethylene connecting groups and 
the orthocarbonate units contain ring structures. 
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" DESCRIPTION OF THE PREFERRED EMBODIMENTS- 
The multiblock copolymers of this invention are 
obtained by transesterification of poly (glycolic acid) 
and an hydroxy 1-ended poly (alkylene glycol) such as poly- 
(oxyethylene) in the presence of a catalyst to produce, 
it is theorized, an intermediate ABA copolymer: 

? 
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The degree of polymerization of the ABA copolymer is in- 
creased by the addition of an aromatic orthocarbonate , 
such as tetra-p_-tolyl orthocarbonate, to yield an (AB) n 
type multiblock copolymer: 
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The hydroxy 1-ended poly (alkylene glycol) useful 
in the invention may advantageously comprise hydroxy 1- 
ended polyethylene oxide, polypropylene oxide and poly- 
foxy ethylene-co-oxypropylene) . Generally the poly (alky- 
lene) oxides must be water soluble so that they can be 
excreted by the body once the copolymer suture has de- 
graded. Examples of poly (alkylene glycols) capable of pro 
ducing linear polymers are poly (oxy ethylene glycols) and- 
poly (oxypropylene) -poly (oxy ethylene) glycols (block copoly 
mers) . The foregoing are commercially available in a 
variety of molecular weights. Examples of suitable aro- 
matic orthocarbonates are set forth in -the prior art. 

Example 1 
Preparation of 85/15 ABA Copolymer 
Dried polyglycolic acid (PGA) pellets, 33g, were 
melted in a Brabender mixing head at 235°C under N 2 « A 
mixture of 5.8g poly (oxy ethylene) (Mol. Wt. 4000) and 
35 mg. of Sb 2 0 3 was added and mixing was continued for 30 
minutes. The reactor was disassembled and the molten 

polymer was solidified in a stream of N 2 , crushed in a 
press, ground to 10 mesh in a Wiley mill, and dried in 
vacuum. A small sample was purified by reprecipitation 
from hexaf luoroacetone sesquihydrate (HFAS) into acetone. 

Example 2 
Preparation of 80/20 ABA Copolymer 
The procedure of Example 1 was followed using 
8g poly (oxyethylene) of Mol. Wt. 4000, and 35 mg 

Example 3 

Preparation of 92,5/7,5 ABA Copolymers 
The procedure of Example 1 was followed using 
3g poly (oxyethylene) of Mol. Wt. 1000, and 40 mg 



32g PGA, 
Sb 2 0 3 . 



37g PGA, 
sb 2°3- 
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Example 4 

Preparation of 85/15 Multiblock (AB) Copolymers 

A mixture of 32g dried PGA pellets, 5.7g of 
poly (oxyethylene) (Mol. Wt. 4000), and 35 mg. of Sb 2 0 3 was 

melted at 235° under N 2 in a Brabender mixing head. 
Mixing was continued for 30 minutes at which point l.Og 
of tetra-£-tolylorthocarbonate was added. Mixing was 
continued for another 2 minutes and the apparatus was dis- 
assembled and the polymer quenched in a stream of N 2 . 

Example 5 

Preparation of 80/20 Multiblock (AB) n Copolymers 

The procedure of Example 4 was repeated using 32g 
PGA, 8g poly (oxyethylene) Mol. Wt, 4000 and 35 mg. of 
Sb 2 0 3 . After 30 minutes mixing at 235°, lg of tetra-£- 
tolylorthocarbonate was added and mixing was continued for 
4 minutes. The apparatus was then disassembled and the 
polymer quenched in a stream of N 2 . 

The properties of the block copolymers produced 
according to the above examples, compared to those of poly- 
glycolic acid above, are set forth in Table I. 
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Example 6 

Injection molded dumbbells having diameters of 
0.060-0.063 inches were prepared from the relatively low 
molecular weight ^^0.64) 85/15 PGA/PEG multiblock co- 
polymer of Example 4 and from a control sample of poly- 
glycolic acid homopolymer. The potential for greater 
flexibility with the multiblock copolymer was illustrated 
by three-point bending measurements on the dumbbells which 
showed a modulus of 4x10 s psi (2.75 GPa) for the copolymer 
and a modulus of 13xl0 5 psi (8.9 GPa) for the polyglycolic 
acid. 
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27,388 

WE CLAIM: 



1. A multiblock copolymer useful for the manufacture of 
bioabsorbable surgical articles comprising the formula: 



^OCH 2 ? 



OCH 2 <? -) tOR^ O -f ?CH 2 0 -) ^ — 




wherein R represents an alkylene group and Ar is an aro- 
matic group, the poly (glycolic acid) content is about 80 
to 85 percent, the poly (oxyalkylene) content is about 20 
to 15 percent, and n is 23 to 91. 

2 - A hydrolyzable monofilament fiber formed from a multi- 
block copolymer comprising the formula: 

^OCH 2 ? -) (OR^ o 

wherein R represents an alkylene group and Ar is an aromatic 
group, the poly (glycolic acid) content is about 80 to 85 
percent, the poly (oxyalkylene) content is about 20 to 15 
percent and n is 23 to 91, having a tensile modulus 
below 1 X 10 6 psi. 

3. A multiblock copolymer as claimed in claim 1 or 2 
where R is ethylene. 

4. A multiblock copolymer as claimed in claim 3 wherein 
the aromatic group is tetra-p_-tolyl . 

5. A flexible monofilament suture or ligature manufactured 
from a copolymer as claimed in claim 4. 



0108912 



- 10 - 

6 . • A method of making a multiblock copolymer comprising 
transesterifying poly (glycolic) acid and a hydroxy 1-ended 
poly (alky lene glycol), in the presence of a catalyst, and 
adding to the copolymer produced thereby, an aromatic 
orthocarbonate to extend the chain polymerization and re- 
duce brittleness. 

7. A method as claimed in claim 6 wherein the poly (alky* 
lene glycol) is poly (oxye thy lene) and the aromatic ortho- 
carbonate is tetra-g-tolyl orthocarbonate. 

8 ' • A surgical article manufactured from copolymer made 
according to a method claimed in claim 6 or 7 . 

9 . A surgical article as claimed in claim 8 selected 
from the group consisting of a suture, ligature, needle and 
suture combination, surgical clip, surgical staple, surgical 
prosthesis, textile structure, coupling, tube, and support • 
10. A composition for the controlled continuous admini- 
stration of a predetermined dosage of a pharmaceutical 
drug to a living animal comprising a material selected 
from the group consisting of a self-supporting fifcn, a 
hollow tube, a plurality of beads, and a gel, said 
material manufactured from a copolymer made according to 
a method of claim 6 or 7. 
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